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Pervasive developmental disorder with attention
deficit hyperactivity disorder-like symptoms and

mismatch negativity

Masayuki Sawada, mp,'? Hideki Negoro, MD, PhD,’ Junzo lida, MD, PhD? and

Toshifumi Kishimoto, MD, PhD!

'Department of Psychiatry, Nara Medical University School of Medicine, Nara, *Hannan Hospital, Osaka and *Nara

Medical University School of Nursing, Nara, Japan

The present study examined the correlation between
the atteniion deficit hyperactivity disorder (ADHD)
Rating Scale-1V Japanese version (ADHD RS-IV-])
score and mismatch negativity (MMN), in 10 perva-
sive developmental disorder (PDD) children with
ADHD-like symptoms, and examined whether MMN
become the objective measure to assess the severity
of ADHD-like symptoms in PDD children. Conse-
quently, score of ADHD RS-IV-] had a positive

correlative tendency with MMN latency and had a
significant strong negative correlation with MMN
amplitude. Therefore, MMN may become an objec-
tive measure to assess the severity of ADHD-like
symptoms in PDD children.

Key words: attention deficit hyperactivity disorder,
event-related potential, mismatch negativity, perva-
sive developmental disorder.

EVENT»RELATED POTENTIALS (ERP) contribute
to the research in cognitive function as physi-
ological measures that can be easily measured and
which are non-intrusive, Therefore, ERP are useful
measures to examine cognitive disturbance of chil-
dren with developmental disorder. Mismatch nega-
tivity (MMN), one of the ERP, reflects an automatic
cerebral discrimination process, not under attentive
control.! We previously indicated that MMN might
be an objective measure of the severity of attention-
deficit-hyperactivity disorder (ADHD) symptoms in
ADHD patients.?

In the DSM-IV, comorbidity of pervasive develop-
mental disorder (PDD) and ADHD is not recognized
and also PDD is an exclusion criterion of ADHD.? In
recent years, however, an increasing number of cases
have involved difficulty in distinguishing PDD from
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ADHD. Therefore, an objective measure of ADHD-
like symptoms in PDD patients is needed. In the
present study we examine the correlation between
the ADHD Rating Scale-IV Japanese Version (ADHD
RS-IV-J)* score and MMN, in PDD children with
ADHD-like symptoms.

METHODS

Subjects

Ten children diagnosed with PDD based on DSM-IV,?
participated in the present study. They also had
ADHD-like symptoms. All subjects were male and
right-handed. Their mean age was 8.60 * 1.65 years.
Their mean Wechsler Intelligence Scale for Children-
Third Edition Full/Verbal/Performance Intelligence
Quotient scores were 101 * 15.7, 107 + 21.8, and
93.2 *+ 10.5, respectively. The mean ADHD RS-IV-]
score was 25.4 £ 5.95.

All subjects and/or their parents gave informed
consent to participate in the study. In addition, this
study was approved by Institutional Review Board of
Nara Medical University Hospital.
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MMN measurement

MMN was measured using auditory odd-ball tasks.
An NEC Multi Stim was used as the auditory stimulus
system (NEC, Tokyo, Japan). Standard stimuli (P=
0.9) were tone bursts at 1000 Hz and deviant stimuli
(P=0.1) were tones at 1100 Hz, with all stimuli
lasting 50 ms at 500-ms intervals and an intensity of
80 dB. These infrequent and frequent stimuli were
given in random order through headphones. MMN
was measured while the subjects were reading books
of their choice, without paying particular attention to
the auditory stimuli given, as instructed (READ
condition).

MMN recording

MMN was recorded with an NEC Synax 1200 (NEC,
Tokyo, Japan). Electroencephalograms were obtained
at Fz, Cz and Pz on the scalp using disk electrodes,
with both ear lobes as the reference electrode sites.
MMN was analyzed during the period between
100 ms pre-stimulus and 400 ms post-stimulus. The
amplitude was measured with the potential of 0 ms
latency as the baseline.

MMN analysis

One hundred responses to infrequent deviant stimuli
and 900 responses to frequent standard stimuli were
averaged separately. The waveform of the latter
responses was subtracted from that of the former.
MMN was identified as negativity with the peak
latency at 100-250 ms based on the subtraction
waveform.

Statistical analysis

The correlation between the ADHD RS-IV-} score and
MMN was examined using the Pearson coefficient of
correlation (r). Data are expressed as the mean * SD.
Data analyses were conducted using SPSS version
11.0 for Windows (SPSS, Tokyo, Japan).

RESULTS

As shown in Table 1, score of ADHD RS-IV-f had a
significant strong negative correlation with MMN
amplitude recorded at Cz and Pz and had a positive
correlative tendency with MMN latency recorded at
Fz and Cz.

© 2008 The Authors

Psychiatry and Clinical Neurosciences 2008; 62: 479-481

Table 1. ADHD RS-IV-] score and MMN measures

Pearson correlation

Coefficient ¥ Significance
MMN latency

Fz 0.57 *

Cz 0.56 *

Pz 0.54 NS

MMN amplitude

Fz -0.54 NS

Cz -0.81 b

Pz -0.80 A

*P<0.1, **P< 0.01. NS, not significant.

ADHD RS-V}, Attention-Deficit-Hyperactivity Disorder
Rating Scale~IV Japanese version; MMN, mismatch
negativity.

DISCUSSION

We previously reported that MMN amplitudes of the
ADHD children were smaller than those of the
healthy control children.® But neither MMN ampli-
tude nor latency has been reported to differ signifi-
cantly between the adult ADHD group and the adult
healthy control group.®’ Therefore, in the ADHD
group, MMN dysfunction might be able to improve
with maturation.%?” In additon, Achenbach
etal. reported that symptoms of hyperactivity/
impulsiveness were ameliorated with maturation and
that symptoms of attention deficit remained in a
large number of the ADHD combined-type children.?
Therefore, MMN has been indicated to be associated
with hyperactivity/impulsiveness of ADHD.

We also reported that ADHD RS-IV-J score had a
significant strong positive correlation with MMN
latency and had a significant strong negative correla-
tion with MMN amplitude in the ADHD combined-
type group.” Therefore, MMN might be an objective
measure of severity of ADHD symptoms in the
ADHD group.

The present study indicates that there may be a
correlation between ADHD RS-1V-] score and MMN
in the PDD group with ADHD-like symptoms as
well as in the ADHD group. Therefore, MMN may
be an objective measure of the severity of ADHD-
like symptoms in the PDD group with ADHD-like
symptoms. We indicate a strong possibility that
hyperactivity/impulsiveness and auention deficit
associated with PDD are not completely different
from those associated with ADHD when considered

Journal compilation © 2008 Japanese Society of Psychiatry and Neurology
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in the context of ERP. Further studies are needed to
determine whether there are PDD patients with
comorbid ADHD.
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Abstract

The purpose of this study was (1) to document cases of Tourette syndrome (TS) with comorbidities such as obsessive-compulsive
symptoms (OCS) and hyperkinetic disorder (HD), and (2) to examine differences in clinical characteristics between TS patients with
OCS and HD and those without these comorbidities. The subjects in the study were 88 Japanese TS patients (67 males and 21
females; mean age: 15.2 years) who were treated by 31 clinicians including psychiatrists and pediatricians. Data on tic symptoms,
comorbidities and severity were scrutinized. OCS were present in 42.0% of the subjects, while HD accounted for 28.4%. In the
TS + OCS and/or HD group, coprophenomana, impulsiveness/aggression, school refusal, self-injurious behaviors (SIB), and clum-
siness were significantly more frequent than in the TS-only group. Also, tic symptoms and impairment during the worst period was
significantly severer in the TS + OCS and/or HD than in the TS-only group. When the age-matched TS + all OCS group (i.c., the
young TS + OCS and TS + OCS + HD group) was compared with the TS-only group, it was found that the rates of impulsiveness/
aggression, school refusal and SIB were significantly higher and the degree of global severity was significantly more intense in the
young TS + all OCS group than in the TS-only group. The impact to clinical characteristics of TS from OCS was suggested to be
slightly greater than that from HD. There was little ethnic difference in TS pathogenesis in terms of the impact of comorbidities.
Further investigation is required to gain deeper insights into the relationships between TS, OCD or OCS and HD.
© 2009 Published by Elsevier B.V.

Keywords: Tourette syndrome (TS); Obsessive-compulsive symptoms (OCS); Obsessive-compulsive disorder (OCD); Attention-deficit/hyperactivity
disorders (ADHD); Hyperkinetic disorder (HD)

1. Introduction Several studies have indicated that TS patients with
OCD developed complex motor tics more frequently
It has been reported that obsessive-compulsive disor- at the onset of the disease and at later years of age than
der (OCD) and attention-deficit/hyperactivity disorders those without OCD [10,11].
(ADHD) commonly occur in individuals with Tourette Phenomonological studies have suggested that obses-
syndrome (TS) [1-4] It has been suggested that a form sive-compulsive symptoms (OCS) in OCD patients with
of OCD is genetically related to TS [5 7] It has been TS are different from OCS in those without TS [12,13),
also suggested that behavioral problems and maladjust- Therefore, it has been assumed that there is a subtype
ment are more common in TS patients with ADHD of OCD related to TS [14,15].
than in those without ADHD [8,9]. : Recently, OCD and related disorders including TS -
have been often investigated as a spectrum, and it is

_— worth examining OCS with various degrees of severity
Corresponding author. Fax: +81 3 5800 8664. in TS patients [16,17].
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A prospective, longitudinal study of epidemiological
samples has suggested that tics and OCD are associated
with each other as were OCD and ADHD [18). A factor
analysis study of a scale for TS has revealed that factors
such as aggression, ADHD, OCD and tics were related
to each other [19]. A recent cluster analysis study has
found that there were two clusters (i.e., simple tics and
multiple complex tics), and that a multiple complex tics
cluster was related with OCD as well as ADHD [20].

In order to explore the pathogenesis of TS phenome-
nologically and predict the possible course of the dis-
case, it is important to study the relationship between
TS, OCD or OCS and ADHD.

Previously we investigated clinical characteristics of
64 TS patients at the University of Tokyo Hospital’s
Outpatient Clinic of Neuropsychiatry and found that
comorbid OCS had a stronger influence on tic symp-
toms than comorbid ADHD [21-23].

In Japan, it is difficult to collect enough data from a
single clinic to draw any meaningful conclusion regard-
ing the clinical characteristics of TS [24]. It has been sug-
gested that clinical characteristics are different among
medical facilities, especially between psychiatric and
pediatric facilities. Moreover, it may be difficult to ascer-
tain the number of TS subjects and conduct subgroup
analyses based on information gathered from a single
clinic.

In this study, we identified a large sample of patients
with TS and evaluated clinical characteristics after
gleaning as much information as possible from facilities
across the nation. Based on the information we studied,
we documented comorbidities of TS in terms of OCS
and HD, which are referred in the ICD-10 and which
almost correspond to ADHD, and examined differences
in clinical characteristics between TS patients with OCS
and/or HD and those without these comorbidities.

2. Methods
2.1. Selection of clinicians for this study

In carrying out a preliminary nationwide survey, we
sent out brief questionnaires to 115 physicians who
had published studies on TS and/or tics in Japanese
journals and 201 psychiatry or pediatrics department
representatives at university hospitals throughout
Japan. A total 164 of those questioned responded to
the questionnaire. Out of the 164 respondents, 123 clini-
cians indicated a willingness to cooperate in future sur-
veys on TS [24]. '

In the latest follow-up survey, we sent 5-page ques-
tionnaires to the 123 clinicians and asked to fill them
in for each TS patient being treated at the time of the
survey and to return the form without identification
data. Out of 123, 32 clinicians provided information
on 78 TS patients who were seen by them at the survey.
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As the first and second authors of this study had data on
22 patients with TS under treatment at their clinics, the
number of TS patients whose information became avail-
able for this study totaled 100. All the information
about 100 patients was collected from the daily clinical
interview and observations, and we got permission to
use the findings for research as anonymous data.

2.2. Survey items

Information on tic symptoms, comorbidities, sever-
ity, etc., in each subject was sought. Clinicians were
asked to apply the ICD-10 criteria for making diagnoses
of psychiatric disorders including TS [25].

Queries were made about the symptomatic expression
of tics at their onset, at the first visit of each patient, and
from onset until the present. Information was sought
about the presence or absence of motor tics, the loca-
tions where the tics occurred (face, neck, arms and
hands, shoulders, legs and trunk), simple vocal tics,
complex vocal tics, and coprolalia at the onset of TS
and at the first visit. We added items about the presence
or absence of copropraxia, echopraxia, echolalia and
palilalia in the whole course until the present. We used
definitions of copropraxia, echopraxia, coprolalia, echo-
lalia and palilalia formulated by Shapiro et al. [4], which
were provided to clinicians.

As for comorbidities, inquiries were made as to
whether or not there were OCD, HD, autism, mental
retardation, learning disorders, clumsiness so severe as
to disturb social adjustment, impulsiveness/aggression
so severe as to disturb social adjustment, compulsion,
obsession, self-injurious behaviors (SIB) and school
refusal. When patients had compulsions or obsessions,
they were regarded as having OCS, irrespective of the
severity of the symptoms. Therefore, OCS included sub-
threshold symptoms of OCD in addition to definite
OCD. The severity of compulsion, obsession and SIB
was rated on a scale of 1-4, ranging from “mild” to
“profound.” We asked clinicians to describe OCS freely,
and classified the results in accordance with the Japanese
translation of the symptom checklist of the Yale-Brown
Obsessive—Compulsive Scale (Y-BOCS) [26-28]. The
degree of mental retardation was also rated and catego-
rized into four grades ranging from “mild” to
“profound.”

The global severity of TS was evaluated in the follow-
ing seven categories: motor tics, vocal tics, total tic
symptoms, tic-related impairment, associated mental
disorders, associated developmental disorders and over-
all impairment. The tic-related impairment was defined
as distress from anxiety about having tic symptoms
and social impairment due to the direct interference of
tics with daily activities. Developmental disorders
included HD, autism, mental retardation and learning
disorders. The rating scale of severity for these seven



